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Introduction: Carotid endarterectomy reduces the risk of stroke in patients with a history of minor ischaemic stroke or 
transient ischaemic attacks and severe carotid stenosis, but the timing of surgery following acute stroke is controversial. 
Urgent carotid surgery in acute stroke may reduce the risk of early stroke recurrence due to further emboli from the diseased 
carotid, or may improve neurological recovery by improving cerebral blood flow to the ischaemic penumbra. 
Methods: We identified from the literature patients undergoing carotid surgery in acute stroke using a Medline search and 
identifying references from these sources. 
Results: Over 2000 patients were identified from the literature who underwent acute carotid surgery. Heterogeneous 
groups of patients were recruited, with no control patients treated medically in the majority of the studies. Mortality and 
morbidity was highly variable and depended primarily on the initial severity of the neurological deficit, with lower mortality 
in patients with minor neurological deficits. 
Conclusions: The role of carotid surgery in acute stroke is uncertain. A multicentre randomised controlled trial is now 
required to assess the value of acute carotid surgery. 
Introduction 
The North American Carotid Surgery Trial (NASCET) 
and the European Carotid Surgery Trial (ECST) both 
showed that carotid endarterectomy reduces the risk 
of stroke in symptomatic patients with severe stenosis 
(70-99%) of the internal carotid artery. ~'2 This risk 
reduction applies to patients with minor ischaemic 
stroke as well as those with transient ischaemic 
attacks. Following acute stroke, surgery is tradition- 
ally delayed for about 2 months. This recommenda- 
tion is based on poor results of surgery in the 1960s, 
with some patients dying from intracerebral haemor- 
rhage. 3-6 The assumption was that surgical revascular- 
isation converted infarct into haemorrhage, but with 
the advent of computed tomography (CT) scans, it is 
now known that about 15% of all strokes are caused 
by primary intracranial haemorrhage, where surgery 
would clearly be contraindicated. 7-9 Furthermore, 
many patients in the early surgical series had severe 
neurological deficits with impairment of conscious 
level, in whom the prevalence of cerebral haemor- 
rhage is even higher, l°'n Surgery may be associated 
with subsequent haemorrhagic transformation of 
infarct in isolated cases but establishing a causative 
role is difficult because haemorrhagic transformation 
of infarct can occur spontaneously. ~2-14 
More recent studies, using CT to exclude intra- 
cerebral haemorrhage, have suggested that surgery in 
acute stroke may be beneficial. 15-22 These studies have 
renewed interest in the timing of carotid surgery 
following acute stroke. 
The aim of this review is to discuss the rationale for 
surgery in acute stroke, to review the published 
studies of urgent carotid surgery in acute stroke, and 
to compare the outcome of urgent surgery with the 
natural history of acute stroke. The need for a 
definitive trial of urgent carotid surgery in acute 
stroke will then be discussed. 
Rationale for Carotid Surgery in Acute Stroke 
*Please address all correspondence to: Dr G. E. Mead, University 
Hospital of South Mancheste, Nell Lane, West Didsbury, Man- 
chester M20 2LR, U.K. 
The rationale for carotid surery in patients with acute 
cerebral infarction is two-fold. Firstly, by improving 
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global cerebral blood flow, neuronal death, partic- 
ularly in the ischaemic penumbra may be limited. 
Secondl~ early stroke recurrence or progression due 
to further emboli from the diseased carotid may be 
prevented. 
Restoration of cerebral blood flow 
Sudden occlusion of the arterial supply to part of the 
brain, for example by thrombus, embolus or arterial 
dissection causes a focal reduction in cerebral blood 
flow (CBF). 23 Vasodilatation of the cerebral resistance 
vessels occurs, leading to a rise in cerebral blood 
volume and hence a compensatory rise in CBF. 24 
When vasodilation becomes maximal, oxygen extrac- 
tion fraction (OEF) increases from the normal values 
of 0.4 close to the theoretical maximum value of 1. A 
normal cerebral metabolic rate for oxygen, (CMRO2), 
which is an indirect measure of mitochondrial func- 
tion, can be maintained by increasing OEF, and this is 
termed "misery perfusion'. However, if local cerebral 
perfusion pressure falls further, then a precipitous fall 
in CMRO 2 occurs, indicating the phase of impaired 
tissue function and true ischaemia. 25 Continuing 
ischaemia leads to cerebral infarction, beginning in the 
central zone of lowest cerebral blood flow and 
enlarging circumferentially. This takes 3-4 h in 
rodents, 6-8 h in non-human primates and an unde- 
termined time in humans. 23 
The concept of an ischaemic penumbra, patchy 
areas of viable but non-functional brain in and around 
the central infarcting area is attractive: if the penum- 
bra exists, then the time window for therapeutic 
intervention may increase. 26 
Circumstantial evidence for the existence of an 
ischaemic penumbra in humans is available from 
positron emission tomography (PET) scansY Focal 
"misery perfusion", with a high OEF and normal 
CMRO2, is found in most patients tudied within 9 h 
of stroke onset, and persists in over one-third of 
patients tudied at 3-4 days. More recentl~ magnetic 
resonance imaging has demonstrated continuing neu- 
ronal death for up to 7 days following acute middle 
cerebral artery stroke. 28 Some recovery of neuronal 
function may be possible if flow is restored as late as 
a few days after stroke onset. 
The key issue in terms of the potential effectiveness 
of surgical or pharmacological intervention is whether 
the changes of "misery perfusion" or established 
ischaemia re reversible. There is some circumstantial 
evidence that this may be the case. Patients with high 
oxygen extraction fraction beyond 6 h have a variable 
outcome, including a spectacular "shrinking effect", 
which presumably represents spontaneous recanalisa- 
tion. 29'3° ExtracraniaMntracranial bypass has been 
reported to reverse the changes of "misery perfusion" 
in a single patient with severe bilateral carotid artery 
disease, but it is uncertain whether this would also 
occur in acute stroke. 31 Visual improvement, both 
spontaneously and following treatment, has been 
demonstrated in five patients with central retinal 
artery occlusion lasting from 1.5 h to 2 days, suggest- 
ing that retinal ischaemia may be reversible. 32 
Rapid restoration of cerebral blood flow may be 
crucial in preventing neuronal death by ischaemia, but 
an "ischaemia-reperfusion" i jury may also occur. 
Spontaneous reperfusion of ischaemic brain occurs 
following acute stroke: this is demonstrated on PET as 
"luxury perfusion", with a high oxygen delivery 
relative to metabolic demands. 33 Early spontaneous 
reperfusion may reduce mortality and neurological 
deficits, but the delivery of oxygen-rich blood to the 
ischaemic brain may cause further neuronal death, 
possibly due to worsening of cerebral oedema, which 
may be mediated by oxygen free radicals. 34-37 Surgical 
revascularisation may also lead to an "ischaemia 
reperfusion" injury. 
Risk of recurrent stroke 
The second rationale for urgent surgery is to reduce 
the risk of early stroke recurrence. In a series of 1273 
patients with acute cerebral infarction, 14% had a 
further stroke within 2 years, with 30% of these 
recurrences within the first 30 days. Most early 
recurrences were in patients with "atherosclerotic 
strokes" (with cortical Signs, appropriate infarcts on 
CT and evidence of large vessel atheroma) suggesting 
an active source of further emboli that subsequently 
became quiescent. 38In the Oxfordshire Community 
Stroke Project, a prospective study of patients with 
first ever cerebral infarction, the risk of recurrent 
stroke was 13% in the first year. 39 Patients presenting 
with partial anterior circulation infarcts were at the 
highest risk of recurrence, particularly in the first 3 
months, suggesting an active source of emboli. 
Patients with severe carotid stenosis may be at 
particularly high risk of early stroke recurrence, with 
estimates ranging from 10-20% in two small series of 
patients. 16'~7 In the NASCET, 4.9% of patients with a 
stroke and severe carotid stenosis had a further 
ipsilateral stroke within 30 days of entry into the trial. ~ 
In the ECST, 71 symptomatic patients with severe 
stenosis randomised to "best medical care" had an 
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ipsilateral ischaemic stroke during follow-up, of 
which 17 (24%) occurred within the first 4 months 
following randomisation. One further patient rando- 
mised to surgery suffered a severe stroke whilst 
awaiting surgery. 2 
These studies suggest that patients with partial 
anterior circulation infarcts are most at risk from early 
stroke recurrence, and possibly those with severe 
carotid stenosis. 
Interpretation of Carotid Surgery in Acute Stroke 
Studies 
Using Medline search, and collecting references 
quoted from these sources, over 2000 patients under- 
going urgent carotid surgery in acute stroke were 
identified from the literature. These are summarised in
Tables 1-3. There are many methodological difficulties 
in interpreting these studies. Overall, none of them, 
except the Joint Study of Extracranial Artery Occlu- 
sion, were randomised. 4°This study will be discussed 
shortly. All other studies are retrospective, and most 
contain only small numbers of patients. The possibil- 
ity of selective reporting of either favourable or 
unfavourable results, depending on the authors' prior 
views of the role of surgery, cannot be discounted. 
Furthermore, publication bias may have led to only 
positive studies being accepted for publication. 
The population of stroke patients undergoing sur- 
gery were poorly defined, with initial impairments 
ranging from "small fixed deficits" to "profound 
neurological deficits'. 15'41 Some patients had obvious 
progression or fluctuation of neurological symptoms, 
whereas ome were stable. 15'42"43 Most surgical studies 
did not state whether a neurologist was involved, 
despite the fact that neurologists increase the report- 
ing of perioperative stroke rates and mortality. 44 
Outcome of surgery was assessed either in relation to 
changes from initial deficit (i.e. better, worse or 
unchanged), or described in terms of either the final 
neurological impairment (mild moderate or severe), or 
the degree of functional recovery. Few studies used 
objective formal neurological scales or scores of 
functional recovery to assess outcome. 42'45 
Surgical procedures varied. Most series described 
carotid endarterectomy for severe stenosis or throm- 
bolectomy for acute carotid occlusion, although iso- 
lated cases of contralateral carotid endarterectomy, 
external carotid angioplasty and extracranial-intra- 
cranial bypass have also been used. 46-49 Surgical 
techniques differed, particularly in relation to selective 
or universal use of intraluminal shunts, s°'51 Medical 
Table 1. Surgery in patients with acute stable stroke and severe deficits. 
Timing of 
Authors Patients surgery Carotid CT Mortality 
Hunter 1965 23 "emergency" or occlusion or No 1 (4%) 
"urgent" stenosis 
Wylie 1964 9 1, 2, 9 days occlusion No 5 (55%) 
or stenosis 
Rob 1969 91 ? "thrombosis" No 19 (21%) 
Gonzalez 1966 3 < 6 days occlusion No 3 (100%) 
Young 1964 6 ? ? ? 3 (50%) 
Murphey 1965 44 ? occlusion or No 19 (43%) 
stenosis 
Pistolese 1984 15 ? occlusion Yes 27% 
Ojemann 1966 9 ? > 70% No 4 (44%) 
Lougheed 1966 14 < 3 days occlusion or No 5 (36%) 
stenosis 
DeBakey 1965 406 < 1 week occlusion or No 29 (7%) 
stenosis 
DeWeese 1982 69 ? >30% No 13 (19%) 
Edwards 1960 14 ? stenosis or No 4 (29%) 
occlusion 
Najafi 1971 10 i h to i week ? No 2 (20%) 
Waiters 1987 52 "emergency" stenosis or No 4 (8%) 
occlusion 
Meyer 1986 31 0-26 h occlusion No 7 (21%) 
Kusonocki 1978 40 < 2 weeks occlusion No 6% 
Bone 1990 32 surgery < 24 h occlusion Yes 8 (25%) surgery 
32 medical 1 (3%) medical 
Blaisdel11969 50 <2 weeks No 21 (42%) 
Total 918 166 
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Table 2. Carotid surgery in patients with limited neurological deficits. 
Timing of 
Authors Patients surgery Carotid CT Mortality 
Whittemore 1984 28 mean 11 days > 75% stenosis Yes: 13 1 (4%) 
infarcts 
Thompson 1979 296 ? occlusion or No 6.8% 
stenosis 
Khanna 1988 345 0-3 weeks most stenosis Yes 14 (3.8%) 
Piotrowski 1990 82 <6 weeks operable lesion: Yes 
stenosis or ulcer 
Dosick 1985 171 < 14 days, mean 10 "appropriate carotid Yes:No 0 
pathology" infarct 
Pritz 1986 3 1, 4, 8 days "tight stenosis" Yes: 0 
Infarct 
Gasecki 1994 42 < 30 days 70-99% stenosis Yes 0 
Fiorani 1993 4 1-10 days 80-99% Yes 0 
Little 1989 22 mean 14 days ? Yes 1 
Hunt 1980 3 2days to 1 month occlusion No 0 
Ricotta 1985 27 ? "pre occlusive" Yes 1 
Giordano 1985 24 < 5 weeks (mean > 50% stenosis or Yes 0 
18 days) ulcers < 50% 
Graber 1984 7 Yes 0 
Total 1054 38 (3.6%) 
1 (1%) 
therapy was not standardised: for example, some 
authors used anticoagulants. 45's2 Others do not state 
whether additional medical treatment was used. 
The Joint Study of Extracranial Artery Occlusion 
This was the only study that attempted to randomise 
Table 3. Surgery in patients with progressing neurological signs. 
Timing of 
Authors Patients surgery Carotid CT Mortality 
Gertler 1994 17 ? "tight" 43% 0 
Mentzner 1981 17 ? ? No 1 (6%) 
Ogawa 1991 8 1-9 days 6 occlusion Yes 1 (12%) 
2 stenosis 
Khanna 1988 345 (proportion of < 48 h 22 occlusion Yes 14 (3.8%) 
progressing 323 stenosis 
unclear) 
Rob 1969 74 ? "thrombosis" No 21 (29%) 
Cuming 1992 19 "urgent" 14> 70%, Yes 0 
4 50~0% 
Young 1964 4 ? ? No 1 (25%) 
Pistolese 1984 4 ? occlusion or Yes ? 
stenosis 
Ojemann 1975 10 Most < 24 h occlusion No 1 (10%) 
or stenosis 
Lougheed 1966 6 ? occlusion or No 0 
stenosis 
DeBakey 1965 34 ? occlusion No 4 (12%) 
or stenosis 
DeWeese 1982 19 <24 h ? No 7 (37%) 
Edwards 1960 25 ? occlusion or No 5 (20%) 
stenosis 
Little 1989 3 2, 9, 23 h stenosis Yes 1 (33%) 
Goldstone 1978 18 "emergency" 95-99% stenosis No 0 
Ricotta 1985 6 < 10 days stenosis Yes 0 
Meyer 1986 3 0-26 h occlusion No 0 
Total 602 56 (9.3%) 
N.B. Khanna's eries is included in both Tables 2 and 3, because it is unclear whether the initial neurological deficit is progressing or stable. 
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patients with stroke or transient ischaemic attacks 
(TIAs), (and > 30% carotid stenosis or occlusion) to 
surgical or medical treatment, although randomisa- 
tion was not stratified, which led to inequalities in the 
number of patients in each group. 4° There were 389 
patients with stroke and severe neurological deficits, 
although the timing of surgery following stroke was 
not stated. A total of 186 patients underwent surgery, 
and 203 had medical care alone. Long term survival 
was 71% in the medical group which was significantly 
higher than the 46% in the surgical group. In a 
subsequent publication, the results of surgery and 
medical care were reviewed in 255 patients with acute 
stroke and impairment of conscious level. 53 Fifty had 
surgery within 2 weeks of the stroke and mortality 
was 42%. Eighteen had surgery after 2 weeks and 
mortality was 17%. One hundred and eighty-seven 
did not have surgery, and mortality (20%) was 
significantly lower than the early surgery group. 
Although there was a large difference in the number of 
patients undergoing surgery compared with medical 
care alone (presumably due to lack of stratified 
randomisation), these results do suggest hat surgery 
is contraindicated following acute stroke in patients 
with severe neurological deficits. However, CT was 
not available to exclude primary cerebral haemor- 
rhage, where surgery would be contraindicated, and 
this may in part account for the poor results of 
surgery. 
Comparison of Surgery with the Natural History 
of Acute Stroke 
In the absence of patients treated medically in all but 
the Joint Study, one approach to interpreting the 
surgical studies is to compare them with the natural 
history of stroke. Most surgical series distinguish 
between strokes where neurological signs remain 
stable, (also described as completed strokes), and 
strokes where neurological signs change (variously 
described as fluctuating or progressing strokes, stroke 
in evolution or stuttering hemiplegia). Published ata 
is available on the natural history of acute stable 
stroke and fluctuating (or progressing) stroke, 
although it is uncertain whether patients in the natural 
history studies are similar to those treated surgically. 
Acute Stable Stroke 
Natural history of acute stroke 
The severity of the neurological deficit and the initial 
conscious level are the most important determinants 
of short term prognosis in acute stroke. 54-56 The 
Oxfordshire Community Stroke Project Classification 
devised a simple classification for patients with acute 
stroke based on clinical signs only. 39 Patients with 
total anterior circulation infarcts (TACIs) presented 
with hemiparesis (or hemisensory loss), homonymous 
hemianopia and dysphasia (or other parietal lobe 
signs) whereas patients with partial anterior circula- 
tion infarcts (PACIs) presented with only two of the 
above features. Mortality was highest in TACIs: at 30 
days, 39% of patients had died, 56% were functionally 
dependent and only 4% were independent. For PACIs 
at 30 days, only 4% were dead, 39% were dependent 
and 56% were independent. This classification is 
therefore of prognostic value, and dearly demon- 
strates the importance of the severity of the initial 
neurological deficit in determining outcome. The 
initial neurological deficit is therefore likely to be an 
important factor in determining outcome following 
acute carotid surgery. 
One approach to the surgical studies is to compare 
the results of surgery in either patients with severe 
neurological deficits (TACI strokes), or those with 
mild neurological deficits (PACI strokes). However, 
this method is not ideal because many of the surgical 
series do not specify the severity of the neurological 
deficit and, on the evidence given, it is impossible to 
be sure that patients with "s6vere" deficits in the 
surgical series really are comparable to TACIs, or that 
patients with mild deficits are equivalent to PACIs. 
Surgery in acute stable strokes 
Severe neurological deficits. The Joint Study of Extrac- 
ranial Artery Occlusion suggested that surgery in 
patients with severe neurological deficits is contra- 
aindicated, although CTs were not available to exclude 
cerebral haemorrhage. 53 Mortality was also high in 
other studies of patients with impairment of con- 
sciousness, hemiplegia or severe deficits, ranging from 
only 4 to 100% (Table 1). 3-6" 41, 50, 57-67 
Measures of neurological recovery in the various 
studies are not comparable: some describe outcome in 
relation to initial deficit, whilst others describe the 
severity of the final neurological deficit, irrespective of 
the initial deficit. Therefore, only mortality is 
described in these tables. A total of 918 patients were 
identified from the literature, of whom 166 died. The 
overall mortality was 18%, which is lower than TACIs. 
However, these studies recruited heterogeneous 
patients, and it is uncertain whether these patients are 
really equivalent to TACIs. 
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Surgery in limited neurological deficits. Mortality is low 
in patients with limited neurological deficits such as 
PACIs. Most surgical studies also report low mortalit]6 
and some conclude that surgery is beneficial but these 
results are likely to reflect he natural history of PACIs 
(Table 2). 15-22'51'52'68-70 
There are two large series of patients undergoing 
carotid surgery for limited neurological deficits. In 345 
patients with "completed strokes", 19% had mild 
deficits, 26% had moderate deficits and 55% had 
severe deficits, although patients with hemiplegia 
(presumably meaning complete paralysis) were 
excluded. 52 The overall results were that 80% 
improved, 14% were unchanged and only 3.8% died; 
and mortality was lower if surgery was done earlier. 
Unfortunately, it is unclear whether the initial neuro- 
logical deficit was related to outcome, and whether the 
apparent benefit of early surgery was due to selective 
surgery for those patients who had made a good 
spontaneous recovery from the stroke. In the second 
large series, a mortality rate of 6.8% in 296 patients 
with "frank strokes" undergoing surgery was 
reported, which is higher than the 30 day mortality in 
the PACI strokes but lower than the TACI mortalit~ 
although the severity of initial neurological deficit is 
unclear. 51 The authors commented that "functional 
results are difficult to evaluate because of the wide 
severity of neurological deficits at onset", again 
emphasising the importance of the initial neurological 
deficit in determining the outcome following 
surgery. 
Smaller series have also described low mortality 
and no postoperative worsening of neurological signs 
as a result of surgery carried out several days 
following a stroke. ~5-22 However, one death was 
reported in a series of 24 patients with acute stroke 
undergoing urgent surgery, and four postoperative 
deteriorations and one death was noted in another 
series of 39 patients with mild or moderate 
deficits, s°,68 
Prevention of recurrent stroke is an important 
reason for urgent surgery in patients with mild 
neurological deficits, but few studies have specifically 
addressed this issue. Giordano et al. found the 
postoperative stroke was higher (5/24) in patients 
operated on < 5 weeks following the initial stroke 
than in patients undergoing surgery > 5 weeks follow- 
69 ing the stroke (0/22). Graber et al. reported further 
cerebral infarction in two out of seven patients 
undergoing urgent surgery. 7° 
It is impossible to determine from these studies 
whether surgery is beneficial in patients with acute 
stroke in patients and mild neurological deficits, and 
there is inadquate data to determine whether ecur- 
rent stroke rate is reduced by urgent surgery. How- 
ever, the studies discussed o suggest hat clinically 
important haemorrhagic transformation of infarct is 
an uncommon complication of early surgery. Overall 
mortality in the surgical series (3.8%) is similar to, or 
lower than, the mortality of PACI patients, but it is not 
clear whether the initial neurological status of surgical 
patients is really comparable with PACIs. 
Progressing Stroke 
Definition 
There is no uniform definition for progressing stroke, 
with the incidence of fluctuating or progressing 
neurological signs varying from 14 to 42%, probably 
reflecting the frequency of clinical examinations to 
detect changing signs. 71-75 In general, surgical studies 
do not state what definition of "progressing stroke" is 
used, which makes interpretation of these studies 
difficult. 
Underlying pathology in stroke progression 
Stroke progression may be caused by propagation of 
thrombus, recurrent emboli, haemorrhagic transfor- 
mation of infarct, or cerebral oedema; or systemic 
causes such as hypoxia, h/vpotension, infections and 
75 7~ electrolyte disturbance. • Carotid surgery will only 
be appropriate if significant carotid disease is present, 
although even if carotid stenosis is found, this does 
not necessarily imply a causative role in stroke 
progression. There is very little data about operable 
carotid disease (i.e. 70-99% stenosis) in progressing 
stroke. In four small series, the prevalence of carotid 
stenosis or occlusion ranged from one-fifth to two- 
thirds, implying alternative mechanisms for progres- 
sion and no indication for surgery. 75'77-79 
Natural history of progressing stroke 
Data on the natural history of progressing stroke must 
be interpreted in the light of the difficulties in the 
identification and definition of progressing stroke. 
Estimates of mortality range from 14% (which is 
surprisingly low for hospitalised stroke patients); to 
36% in a large prospective study of progressing 
stroke. 75'8° It is likely that the differences in mortality 
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reflect methodological differences in the identification 
and assessment ofprogression, and it is unclear which 
mortality rates should be used to compare with the 
surgical studies. 
Surgery in progressing stroke 
Urgent surgery in patients with progressing neuro- 
logical deficits may prevent further progression by 
removing the source of further emboli, or by improv- 
ing blood flow to the critically perfused ischaemic 
penumbra. The results of surgery for progressing 
stroke are shown in Table 3. 
Early surgical studies in the 1960s and 1970s were 
disappointing with mortality similar to or higher than 
the natural history studies (Table 3). 5'57'60-64 However, 
some patients had profound neurological deficits, so 
mortality would have been high even without surgery. 
Furthermore, these studies included patients with 
complete internal carotid occlusion, where surgery is 
now thought to be contraindicated; and CT was not 
available to exclude primary intracerebral haemor- 
rhage. More recent studies have reported better 
results, with complete reversal of neurological deficits 
and some patients making a full recov- 
ery. 41-43'52'59"68"81"82 This probably reflects the fact that 
patients selected for surgery had less severe neuro- 
logical deficits, and the prognosis would have been 
good even without surgery. Mortality was much lower 
than in the natural history studies of progressing 
stroke, (56/602, 9.3%), but it is impossible to deter- 
mine whether this is a genuine benefit of surger)~ or 
whether this simply reflects biased series of patients. 
Less encouraging results were obtained in three 
patients with progressing stroke, with one dying and 
one worse; and in eight patients in whom one 
died. 45'21 In both these series, CT-scans excluded 
preoperative cerebral haemorrhage. 
Definite conclusions on the role of surgery in 
progressing stroke cannot be drawn from the data in 
these studies, and only a randomised trial can resolve 
the controversy about the role of urgent surgery in 
acute progressing stroke. 
Surgery for Complete Carotid Occlusion 
The role of acute surgery in carotid occlusion is 
controversial, although the consensus i  that surgery 
is probably contraindicated. 83 In the Joint Study of 
Extracranial Artery Occlusion, outcome in patients 
with carotid occlusion was worse in the surgically 
treated than medically treated patients, with 63% of 
medically treated patients alive at 66 months com- 
pared with 34% in the surgically treated group. 40'53'84 
The low survival in the surgical group was related to 
high operative mortality. Mortality was particularly 
high shortly following stroke, with 12 patients in the 
surgically treated group undergoing surgery within a 
week of a completed stroke, with a 3 month mortality 
of 67%. More recently, the results of surgery for 
complete occlusions in patients with acute stable 
stroke < 24 h (mean 7 h) of onset were compared with 
a group treated medicall)~ but patients were not 
randomised. 67 Mortality was 8/32 in the surgery 
group and only 1/32 in the medical group, but this 
may reflect he fact that eight patients in the operative 
group compared with four in the medical group had 
impaired conscious level. 
In patients with acute postoperative (or postangio- 
graphic) occlusions, when surgery can be performed 
almost immediately, complete reversal of neurological 
deficits is sometimes possible, although in the absence 
of patients treated conservatively it is impossible to 
determine whether spontaneous recovery would have 
occurred without surgery. 6°'65'85~7 
Based on the results of the Joint Study of Extrac- 
ranial Artery Occlusion, we agree with the view that 
surgery is contraindicated in patients with acute 
stroke due to acute carotid occlusion. However, we 
usually re-explore the carotid for acute postoperative 
deficits due to carotid occlusion, although it is 
uncertain whether this is the correct practice. 
Justification for a Randomised Trial of Urgent 
Carotid Surgery in Acute Stroke 
Studies of carotid surgery in acute stroke are incon- 
clusive because of their many methodological flaws. 
Only the Joint Study of Extracranial Artery Occlusion, 
attempted to randomise patients to surgery or no 
surgery, but randomisation was not stratified, CT was 
not available to exclude cerebral haemorrhage, and 
many patients had profound neurological deficits 
40 53 84 underwent surgery. ' ' Results of this trial cannot 
be extrapolated to the current situation, where CT to 
exclude haemorrhage prior to surgery is mandator)~ 
and where the trend is to operate only on patients 
with more limited neurological deficits. 
Despite any conclusive vidence ither supporting 
or refuting the role of surgery in acute stroke, 
advocates of urgent carotid surgery have operated on 
large numbers of patients over the last 30 years, 
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without being certain of its safety or benefits, whilst 
opponents of urgent surgery may have inadvertently 
denied patients a potentially beneficial therapy. The 
controversial role of urgent carotid surgery in acute 
stroke is perhaps not surprising, considering the fact 
that even the role of elective prophlactic surgery in 
patients with transient ischaemic attacks and minor 
ischaemic strokes was only established following 
results of the NASCET and ECST in 1991. 
A randomised controlled trial may clarify the role of 
carotid surgery in acute stroke. If a trial had been 
established when CT first became available, and when 
the potential benefits of urgent surgery in patients 
with limited neurological deficits were first con- 
sidered, then hundreds of patients may have been 
randomised by now. Personal experience and anecdo- 
tal data currently determine whether surgeons operate 
on patients with acute stroke, and sporadic reports 
supporting or refuting the benefits of urgent surgery 
are likely to continue appearing in the literature. 
We established a randomised pilot study of urgent 
carotid surgery in acute stroke, recruiting patients 
from seven hospitals in a large connurbation. 88 
Patients were eligible for randomisation to urgent 
carotid surgery or best medical care (which included 
elective surgery at 2 months) if they had suffered an 
acute stroke within 7 days, had 70-99% stenosis of the 
ipsilateral internal carotid arter]6 and had no evidence 
of intracerebral haaemorrhage or space occupying 
lesion on CT. Outcome was assessed by well validated 
scores of neurological and functional recovery. We 
demonstrated that severe carotid stenosis was most 
common in patients with partial anterior circulation 
infarcts (PACIs) (20%), classified according to the 
Oxfordshire Community Stroke Project, and that these 
patients were most likely to be medically fit for 
surgery. We now plan a definitive multicentre trial in 
collaboration with other vascular surgical centres, 
focusing screening on patients with PACIs. These 
patients would normally undergo carotid imaging and 
elective prophylactic carotid surgery at 2 months, so 
the additional work load for each centre will be 
minimal. Three hundred and eighty-nine patients will 
be required in each of the best medical care and urgent 
surgery group to demonstrate a 50% reduction in early 
stroke recurrence and significant changes in functional 
recovery. Although this trial is ambitious, it is justified 
to ensure that individual patients with acute stroke 
receive optimal treatment. 
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